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1. Introduction
Cellular connectivity will be key for coordinated operation and control of Unmanned Aerial Vehicles, more commonly referred to as drones, enabling a growing set of use cases within and beyond the operator’s visual line of sight. In this contribution, we presented early results with system level performance and interference mitigation techniques for considerations in aerial vehicles study.
The simulations performed were designed to study of performance tradeoffs when the network is serving many ground and airborne UEs simultaneously over a wide area. The simulations follow 3GPP system simulations guidelines for network layout and ground channel modeling. Here we present studies of:
· Downlink SINR
· Uplink interference and throughput
The goal is to give insights into the techniques that can be expected to provide the best payoff for overall performance of both ground and airborne UEs as the number of airborne UEs grows in the future. In a companion contribution [3], we have presented our results on mobility performance of airborne UEs.
2. Simulation setup and Assumptions
The simulations performed used the setup described in Table 1.
[bookmark: _Ref473299416][bookmark: _Toc473812165]Table 1 Simulation setup
	Item
	Description

	Layout
	The layout follows the 3GPP D3 layout for system simulations in 3GPP Technical Specification 36.814 v9.0.0 with antennas modified for this simulation. 
The D3 layout is a hexagonal grid with 1732 meter site-to-site spacing, and 3 cells per site (pointed in 120 degrees azimuth increments). 
Due to the importance of the 3D antenna pattern for these simulations, the standard 3GPP simulation antenna was replaced with a 3D model of a representative commercial antenna, the 80010734_716MHz antenna (details in [4])
Six degree mechanical down tilt was used for all antennas, and the total transmit power limit was set to 46 dBm.

	Band
	700 MHz band only, with 10 MHz bandwidth

	Propagation modeling
	Ground UEs are modeled using the 3GPP typical urban profile number 3 (TU3), as defined in 36.814 [2]. This model uses a path loss exponent of 3.76 and log-normal shadowing with standard deviation 8.0 dB.
Drone UEs are all modeled with free space propagation and zero shadowing. This model uses a path loss exponent of 2.0 [4]. 



3. Downlink Simulations
The SINR distribution computed in the simulation assuming full-buffer traffic, in the downlink are compared in this section. 
The simulator randomly and uniformly positions UEs in the network and then computes the received signal energy at each UE from all the cells using the relevant propagation model and the cell parameters such as antenna gains and transmit power. 
This distribution gives a statistical picture of the signal quality that can be expected by users in the network. Since this distribution for users at one altitude is not affected by users at other altitudes, we perform these assumptions with all users at a single altitude, one altitude at a time.
[bookmark: _Toc473812095]3.1. Analysis of results
Downlink SINR distributions from simulations of users at ground level, at 50 meters’ altitude, and at 120 meters altitude are shown in Figure 2. 
First we observe that the distribution for 50 meters and 120 meters are essentially identical. This indicates that, for this layout, the distribution is dominated by the propagation model differences between the ground and airborne UEs. 

Observation 1: DL SINRs are lower for airborne UEs. The median degradation relative to ground users is approximately 5 dB.
Observation 2: DL outage probability (defined here as SINR < -6 dB) is very similar for ground and airborne users, and is approximately 1%. 
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[bookmark: _Ref473539755][bookmark: _Toc473295381][bookmark: _Toc474155533]Figure 2 Distributions of downlink SINR for UEs at ground, 50 meter, and 120 meter altitudes

4. Uplink Simulations
Uplink simulations are performed to study the impact of altitude on interference levels at the cells and throughputs available at the UEs. Features are studied here without referring to the precise feature design and configuration implemented in today’s networks.
In contrast to full-buffer downlink simulations, uplink performance for a UE depends on the specific location (including altitude) and transmissions from neighboring UEs because they directly interfere with one another. Thus, it no longer makes sense to simulate all UEs at a single altitude as we did for the downlink simulations. Here we fix the number of UEs per cell to 30, and perform simulations that vary the split of these users between ground level, and altitude. Here we selected 120 meters for all drone UEs.
We make use of the interference to thermal (IoT) ratio metric in these studies. This metric sums the contribution of received signal energy from all UEs served by neighboring cells and divides this by thermal noise. The plot axes are labeled preMMSEIoT to emphasize this metric is computed prior to the processing in the receive demodulator.

[bookmark: _Ref473540263][bookmark: _Toc473812097]4.1. Analysis of results – power control
Figure 3 shows IoT distributions resulting from simulations using a baseline open loop power control (OLPC) algorithm. This power control algorithm is written 

			
 (4-2)
where
	 = maximum power
	 = number of RBs assigned
	 = nominal value
	 = path loss scaling
	= estimated total (including antenna gains) path loss
Here, = 23 dBm,  = -84 dBm, and  = 0.7.
Five cases were simulated – all ground UEs, all drone UEs, and splits of 3.5%, 17%, and 50% drone UEs. Since there were approximately 30 UEs per cell for these simulations, this translates to, on average, 1, 5, and 15 drone UEs per cell. 
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[bookmark: _Ref473557239][bookmark: _Toc473295382][bookmark: _Toc474155534]Figure 3 IoT distributions with OLPC
As seen in Figure 3, the IoT for all ground users has a median of 7 dB with a distribution essentially contained between 4 dB and 10 dB. This distribution and is the result of optimizing the algorithm parameters for this case targeting a 7 dB median. 
However, it is immediately apparent that the existence of drone UEs has a big impact on UL interference with these power control settings. Adding one 120 meter drone UE raises the median IoT to 13 dB. With half of the UEs being drones, the drone UEs dominate the interference produced. While these are high interference levels in the network, it should not be surprising that power control parameters optimized for ground propagation are not effective for users experiencing free space propagation. 

Observation 3: The presence of drone UEs in the network increase the interference over thermal when using the same OLPC parameters as ground UEs.
In view of this increased interference levels, RAN1 should study mechanisms to alleviate the effect of drone UEs in the network, such as power control optimizations or techniques to partition resources between ground UEs and airborne UEs.
Proposal 1: Further investigate techniques to alleviate interference increase created by airborne UEs (e.g. power control optimizations or resource partitioning optimizations)
5. Conclusion
In this contribution, we made the following proposals and observations.
Observation 1: DL SINRs are lower for airborne UEs. The median degradation relative to ground users is approximately 5 dB.
Observation 2: DL outage probability (defined here as SINR < -6 dB) is very similar for ground and airborne users, and is approximately 1%. 
Observation 3: The presence of drone UEs in the network increase the interference over thermal when using the same OLPC parameters as ground UEs.
[bookmark: _GoBack]Proposal 1: Further investigate techniques to alleviate interference increase created by airborne UEs (e.g. power control optimizations or resource partitioning optimizations)
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